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background:  Cardio-pulmonary exercise tests (CPET) define four activity levels (rest, unloaded, anaerobic threshold, and peak), and combined 
with echo allow non invasive assessment of cardiac function, and oxygen content difference (A-VO2 Diff) during all stages. We determined the 
mechanisms responsible for effort intolerance in patients with heart failure with preserved (HFpEF) or reduced (HFrEF) ejection fraction.
Methods: Left ventricular volumes, cardiac output, E/e’, VO2, mitral regurgitation (MR) volume, and calculated A-VO2 Diff were measured at all 
effort stages in 45 consecutive subjects (14 controls with effort intolerance, 16 HFpEF, 15 HFrEF; age 56.5±16; 73% male).
results: In HFpEF and HFrEF, the change in VO2 during exercise was attenuated compared to controls (between group p=0.003; group by time 
interaction p<0.0001), as well as peak heart rate (P=0.0001; P=0.0001), and stroke volume (P=0.006; P=0.0001). End diastolic volume to E/e’ 
ratio (measure of compliance) was superior in HFrEF and controls at baseline (HFrEF 16.1±11; control 15.5±7; HFpEF 9.5±4) but worsened in 
HFpEF and HFrEF at peak exercise (8.3±4 vs. 11.6±5 vs. 19.1±8; p=0.004; between group P=0.004; group by time interaction P=0.01). All groups 
had similar peak A-VO2 Diff (0.13±0.05 vs. 0.14±0.01 vs. 0.13±0.03 liter/liter; p=0.06). Determinants of effort intolerance in controls were SVR 
(P=0.05), A-VO2 diff (P=0.01), heart rate (P=0.01) and stroke volume (P=0.01), in HFpEF worse compliance (P=0.002), heart rate (P=0.01), A-VO2 
diff (P=0.0003), and stroke volume (P=0.003) and in HFrEF patients A-VO2 difference (P=0.0004), heart rate (P=0.02), lower MR volume (P=0.05), 
and stroke volume (P<0.0001).
conclusions: Combined CEPT and echo is feasible in most subjects. HFpEF mostly fail to increase LV diastolic volume, whereas HFrEF fail to 
increase LV emptying, and develop MR to a greater extent. Nevertheless, in both HFrEF and HFpEF, peak heart rate, compliance and contractility are 
reduced compared to controls. Peripheral non cardiac factors play a prominent role in limiting exercise performance in all subjects irrespective of 
systolic or diastolic function.
